An expectation-maximum (EM) likelihood algorithm is used to estimate two seemingly unrelated Tobit regressions in which the dependent variables are truncated normal. An illustrative example on the determination of the life-health insurance and pension benefits is also given.
INTRODUCTION
In this article we consider the estimation of two seemingly unrelated Tobit regressions in which the dependent variables are truncated normal. The model is useful, since it can be viewed as the reduced form of a simultaneous-equations Tobit model. The proposed estimation method and algorithm are interesting in themselves for the following reasons. In the estimation of a simultaneous equations model, for example, Nelson and Olson (1978) proposed a procedure analogous to the two-stage least squares method. In the first stage of estimating the reduced form, however, the disturbances are assumed uncorrelated; hence some iterative algorithms of maximum likelihood or instrumental-variable techniques apply to each of the reduced-form equations separately. A more efficient first-stage estimate of the truncated dependent variables can be obtained by taking into account the nonzero covariance between the disturbances, even though the regressors are identical in the different Tobit regressions.
In this article, the expectation-maximization (EM) algorithm of Dempster, Laird, and Rubin (1977) is applied to compute the maximum likelihood estimates in the case of nonzero covariance. We then provide an illustrative example on the determination of life-health insurance and pension benefits. 
where Z, is a vector of random latent variables and the matrix of exogenous variables Xt is assumed to be nonstochastic. The observed data Yit are related to the la- 
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AN ILLUSTRATIVE EXAMPLE
The share of compensation paid in nonwage form has risen dramatically in the last three decades. The increase has been substantial for both legally mandated and nonmandated fringes. Excluding various types of leaves, the largest nonmandated fringes by far are health insurance and private pensions. In a recent empirical study, Sloan and Adamache (1986) assessed variations in fringes among establishments that paid in the form of life-health insurance and pension per work hour. The analysis was based largely on a standard economic theory in modeling household behavior in which the employee values both nonwage and wage income. The employees' choice between the two depends, among other factors, on federal and state marginal tax rates and family income. Other explanatory variables include union status of the establishment; a dummy variable indicating whether the establishment's product was subject to regulation (such as in the electric utility, gas, communication, and transportation industries); a dummy variable for manufacturing industries; and the capital-to-labor ratio for the establishment's industry, because turnover tends to be lower in firms with a high ratio, which makes the demand for pensions higher. Several explanatory variables also are included to account for differences in employee characteristics-proportions of workers who are female, under age 44, over age 55, and part-time, as well as variables for metropolitan status, region, and year.
The principal data sources were Surveys of Employer Expenditure for Employee Compensation (EEC) conducted by the U.S. Bureau of Labor Statistics in 1968, 1972, and 1977. The dependent variables were employer contributions to life-health insurance and private pension plans expressed per work hour. The EEC data base did not allow life insurance to be split from health insurance, but more than eight-tenths of the composite is for health insurance. Out of a sample of 30,686 observations on establishments, more than 51% (15,737) of them provided no pension and more than 16% (5,063) provided neither life-health nor pension benefit.
Based on the estimation of two separate Tobit regressions for life-health insurance and private pensions, Sloan and Adamache (1986) concluded that both nonwage compensations are highly responsive to the marginal income tax rate. Tax elasticities at the mean for both nonwage fringes exceed 1. No account, however, was taken of likely positive correlation of the disturbance terms in the two Tobit regressions. We have, therefore, reestimated the two seemingly unrelated To-bit regressions based on the EM algorithm of the maximum likelihood method. Table 1 shows the estimates of SUTR via the EM algorithm and the estimates of unrelated Tobit regression (UTR) reported by Sloan and Adamache (1986). The correlation coefficient (p) between the disturbances in the two Tobit regressions is estimated to be .492, which is significantly larger than 0 based on an asymptotic test (t = 123). The nonzero correlation coefficient implies the possible gain of efficiency in the SUTR estimation. As shown in both life-health and pension regressions, the SUTR estimates all have smaller estimated asymptotic variances than the UTR estimates, although both the SUTR and UTR estimations produce valid asymptotic standard errors, since the regressions place no restrictions on coefficients. The reduction in asymptotic variance in the life-health regression is smaller than in the pension regression. This is expected, however, because the fraction of limited observations (i.e., 0 values) in the life-health insurance dependent variable is much smaller than the fraction of limited observations in the pension dependent variable. The fractions are 16.5% in the former and 51.3% in the latter.
Technically, the comparison between the SUTR and UTR estimations is valid only with respect to the possible gain of efficiency caused by the existence of nonzero correlation between disturbances in the Tobit regressions. It is the asymptotic variances of the estimators that are of most interest. Nevertheless, noticing the substantial change in the estimates of the marginal tax rate in the pension regression is inescapable. The SUTR estimate shows the effect of the marginal tax rate to be about half as large as the UTR estimate. The 
CONCLUSION
In this article we have considered the estimation of two seemingly unrelated Tobit regressions via the EM algorithm. We have argued that a more efficient estimation is as obtainable in the censored SUTR model as in the case of Zellner's (1962) uncensored SUR model. Several problems have been omitted from the discussion, however, and will be investigated in future research. First, the proposed SUTR estimation through the EM algorithm is restricted to a model with only two equations. The obvious reason is a practical as well as a theoretical one. In a model with more than two equations, the conditional expectations of the sufficient statistics are difficult, if not impossible, to obtain. Second, in this article the censored SUTR and SUR estimators are compared only in terms of the estimated variances. The efficiency comparison ignores the predictive performance of the estimators. Perhaps the cross-validation technique with the estimation obtained from the first subsample by the SUTR and SUR methods should be used to compare the predictive performance of the censored dependent variables for the second subsample. This split-sample analysis deserves careful consideration as a future research topic in the area of a censored regression model.
